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Accompanying this Preliminary Amendment, please find a substitute specification which 
overcomes the informalities noted in the original specification. The undersigned avers that the 
enclosed substitute specification only includes the changes which are indicated on the enclosed 
marked-up copy of the original specification and does not contain any new subject matter. 

Newly entered claims 13-19 merely rewrite the subject matter of Chapter II amended 
claims 1-12 in a more traditional U.S. claim format. The entered amendments are not, in any 
way, directed at distinguishing the present invention from any known prior art. Please consider 
the newly entered claims upon consideration of this application. 
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[001] METHOD AND DEVICE FOR DETERMINING 

THE TORQUE ON GEAR SHAFTS 



[002] This application is a national stage completion of PCT/EP2004/01 0295 filed «• 

September 15. 2004 which claims priority from German Application Serial <• 
No. 103 47 494.3 filed October 13. 2003. <• 

[0031 FIELD OF THE INVENTION «- 

[004] The invention concerns a method and a device for determining torque on 

gear shafts pursuant to the preamb l e of the patent cla i ms 1 and 1 1 . <©• 

[005] BACKGROUND OF THE INVENTION 

[006] It is well known among transmission experts that in order to optimize drive 

strategies and gear change operations of automated manual transmissions, the 
information of the current motor or gear input torque is needed. In practice, the 
current torque is measured by taking the crankshaft or gear input shaft rotational 
speeds as well as the accelerator pedal position into consideration, which allow the 
present torque on the crankshaft and/or on the gear input shaft to be determined 
with the help of a characteristic torque curve that is stored in an evaluation and 
control unit. 

[007] In case of retarders, i.e., wear free service brakes of the vehicle, according 

to the state of the art, their braking torque is determined as a function of the 
braking pressure and a characteristic curve which is also recorded in a control and 
regulating unit. Good regulation of the braking effect of retarders, however, is not 
quite possible based on such a measurement of the braking effect. 

[008] Starting from this state of the art, the object of the invention is to develop 

a method and a device with the help of which the change in input torque of a 
transmission or the braking torque on a retarder can be determined easily and 
quickly. 

[009] The so l ut i on to th i s prob l em i s provided in the method according to patent <©• 

c l a i m 1 and in the dev i ce accord i ng to cla i m 11. Advantageous extensions and 
embod i ments of the i nvent i on are d i sclosed in the subclaims. <• 
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[010] SUMMARY OF THE INVENTION 

[011] The invention is based on the knowledge that in the case of a constant gear 

transmission ratio and constant input torque, the rotational speed of a transmission 
input shaft and a transmission output shaft have a fixed ratio to each other. If this 
ratio changes, it indicates a change in the gear input torque in the case of a 
constant transmission ratio. This changed value could be used to determine the 
transmission input torque. 

[012] Having knowledge of this context, an innovative method has been 

suggested in which for a constant transmission ratio the rotational speeds of a first 
gear shaft and a second gear shaft can be cyclically measured, wherein a first 
torque is present at the first gear shaft and a second torque is present at the 
second gear shaft and the second gear shaft is driven by the first gear shaft 
directly or indirectly through gears. In addition, a quotient is derived from these 
two rotational speeds and is subsequently recorded so that the current quotient 
can be compared to the previous quotient measured and a difference in the value 
between the current measurement and the previous measurement can indicate a 
change in the torque of the first gear shaft. 

[013] This changed value alone could be used for controlling and regulating the 

transmission ratio changing operations in a transmission. According to a preferred 
embodiment of the invention, it is provided that the input torque in the transmission 
be determined from the difference in the quotients. 

[014] In another embodiment of the invention, it is provided that the rotational 

speeds of both gear shafts are determined with the help of sensors, which 
generate electric impulses as a function of the rotational speed. From the 
measured electric impulses of the rotational speed sensors on both gear shafts, 
in the case of a constant transmission ratio, a phase or angle shift of the impulses 
can be determined from a change in torque, which shift is proportional to the 
transmitted torque and to the elasticity of the components transmitting the torque, 
and also be evaluated as a characteristic for the input torque. 

[015] Although this method is preferably used to determine the torque of a 

combustion engine, even other applications in transmissions could be meaningful. 
The braking torque of a retarder could be similarly determined, and this value could 
be used for controlling and regulating the same. 
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[016] If the torque of a drive unit, such as a combustion engine, for example, 

needs to be determined, the inventive device offers the possibility of utilizing the 
rotational speed of the drive motor or the gear input shaft (first gear shaft) as well 
as the rotational speed of a gear drive shaft (second gear shaft) for determining 
the described torque or change in torque. 

[017] If the braking torque of a retarder needs to be determined, the rotational 

speeds of two gear shafts associated with a retarder are measured in a similar 
way. 

[01 8] In addition, the above method can be used to determine the traction torque 

and shearing torque in a transmission. 
[01 9] Finally, it should be pointed out that the inventive method can be used alone 

or together with one or more embodiments or further developments determining 

the torque in automatic or automated manual transmissions with or without a 

splitter drive. 

[020] A device for determining the torque on the gear shafts comprises an 

evaluation and control device, which captures and analyzes torque relevant 
measurement signals on the transmission with the help of sensors via sensor lines. 
It is provided that the evaluation and control device is connected to two rotational 
speed sensors, which are arranged on two gear shafts, wherein a first torque is 
present at the first gear shaft and a second torque is present at the second gear 
shaft. 

[021] For the analysis of the captured measurements, the evaluation and control 

device comprises a computation area where a rotational speed quotient is 
determined from the captured rotational speed measurements of a measuring 
cycle. In addition, a data storage device is also provided for storing the rotational 
speed measurements and/or the rotational speed quotients. In addition, the 
evaluation and control device comprises an area for comparison, which allows a 
comparison of the quotient of the latest measuring cycle to the quotients of the 
previous measuring cycle. Apart from this, the evaluation and control device 
comprises a decision area in which the change in torque is determined on the 
basis of the quotient comparison. 
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[022] Finally, it is considered advantageous to have a determination area in the 

evaluation and control device, in which area the first torque present on the one 
gear shaft (input torque) can be determined from the change in the torque. 

[023] On the basis of the determined information, the evaluation and control 

device can finally trigger control orders for executing the gear ratio change 
operation in the transmission. 

[024] BRIEF DESCRIPTION OF THE DRAWINGS 

[025] r~or c l arify i ng the funct i on of the method and the i nvent i ve device, the 

fol l owing d i agram is prov i ded in add i t i on to the explanation. 
[025] The invention will now be described, by way of example, with reference to 

the accompanying drawings in which: 
[026] FIG. 1 is a countershaft transmission with a measuring system for 

determining the gear input torque; 
[027] FIG. 2 is a sensor gear for a rotational speed sensor at the gear input shaft; 

[028] FIG. 3 is a sensor gear for a rotational speed sensor at the gear output 

shaft; 

[029] FIG. 4 is a diagram illustrating the dependence of an input torque Me from 

a phase or angle shift a, and 
[030] FIG. 5 is a secondary retarder with two rotational speed sensors. 

[031] DETAILED DESCRIPTION OF THE INVENTION 

[032] According to this, the method can be used in a countershaft transmission 1 

of the type shown in FIG. 1 , in which a gear input shaft 2 and a gear output shaft 3 
are disposed co-axially to each other in a transmission housing. Axially parallel to 
both these shafts, a lay shaft 4 is disposed in the transmission, a drive gear 6 of 
which can be driven by an output gear 5 on the gear input shaft 2. 

[033] In addition, rigid gears 7 are arranged on the lay shaft 4, which mesh with 

idler gears 8 for implementing specific forward gear transmission ratios. The idler 
gears 8 are arranged on the gear output shaft 3 and can rotate on the shaft. For 
the purpose of alternately slowing down and non-rotatably connecting the idler 
gears 8 with the gear output shaft 3, synchronization and coupling devices 9 
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arranged on the output shaft, which are mounted axially displaceably and 
non-rotatably. 

[034] For the determination of a change in the input torque present on the gear 

input shaft 2, a device is arranged on the transmission 1 , which is associated with 
an evaluation and control device 14 which, in the simplest case, is identical to the 
control and regulating device of the transmission. This evaluation and control 
device 14 is connected to rotational speed sensors 12, 13 via sensor lines 15, 16 
as well as via control lines 17 to actuators, which are not shown here. The latter 
alternately actuate sliding sleeves of the synchronization and coupling devices 9, 
in the known fashion, which sleeves can be axially displaced on the gear output 
shaft 3, but are mounted non-rotatably. 

[035] As shown in FIGS. 2 and 3, the rotational speed sensors 12, 13 work in 

conjunction with rotational speed sensing gears 10, 11, which are mounted non- 
rotary on the gear input shaft 2 and gear output shaft 3, respectively. The teeth 
of these rotational speed sensing gears 10, 11 generate the same electric 
impulses on passing the sensors 12, 13, which are fed to the evaluation and 
control device 14 as described. 

[036] In the case of constant gear ratios, the rotational speed of the input gear 

shaft 2 and the rotational speed of the gear output shaft 3 have a constant ratio 
with respect to each other. This ratio (the quotient of the gear input shaft rotational 
speed and the gear output shaft rotational speed) is determined by the evaluation 
and control device 14 and stored. Subsequently, the rotational speed of the gear 
input shaft 2 and that of the gear output shaft 3 are determined in a next 
measuring cycle, and a second quotient is determined from these values. If a 
deviation is found between the current quotient and the previous quotient during 
the subsequent comparison, it would imply that the gear input torque has changed. 

[037] Since in the case of manual transmissions, the gear input shaft is generally 

connected to the output shaft of a driving motor, for example to the crankshaft, of a 
combustion engine without influencing the torque to be transmitted. 
The determined change in the input torque can be interpreted as a change in the 
torque of the combustion engine. 

[038] This change of the input torque is reflected in the measurement signal 

course of the sensors 12, 13 at the gear shafts 2, 3, as shown in the FIGS. 2 
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and 3, in that a phase or an angle shift a of the measured signals can be 
determined, which is proportional to the torque transmitted by the gearbox and 
also dependent on the elasticity of the transmission components transmitting the 
torque. 

[039] With the knowledge of a starting torque for the described measurements 

and with the help of the phase or the angle shift a and/or the quotient comparison 
obtained as described earlier, the change in the input torque and the current input 
torque Me can be computed. This is explained in FIG. 4 by way of example with 
the help of a characteristic curve 26. 

[040] Apart from determining the engine torque or the transmission input torque, 

the above method and the associated device enable the determination of the 
current braking torque of a retarder. Such a retarder 18 is illustrated schematically 
by way of example in FIG. 5, being a so-called secondary retarder in this case. 

[041] In the case of this retarder 18, a gear output shaft 19 carries a rigid gear 20, 

which meshes with a rigid gear 21 on a retarder shaft 22. The latter shaft 22 
carries a rotor 23 of a hydrodynamic braking device in the known manner, which 
device works together with an associated stator 24 from a fluidic point of view. 

[042] For the determination of the braking moment generated by the retarder 1 8, 

rotational speed sensor gears 27, 28 are attached to the transmission output 
shaft 19 and the retarder shaft 22, which work together with rotational speed 
sensors 25, 29. These rotational speed sensors 25, 29, as is shown in FIG. 1 , are 
connected to the evaluation and control device 14 through sensor lines 15, 16. 
The analysis of the measurements of the rotational speed sensors 25, 29 is carried 
out in this device. 

[043] With the help of such a design, it is possible to determine the braking effect 

on the transmission output shaft 19 with the help of the retarder 18 and use it for 
controlling the braking power. This is carried out through targeted filling of the oil 
space between the rotor 23 and the stator 24 of the retarder 18. 
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Reference numerals 

1 countershaft transmission 

2 gear input shaft 

3 gear output shaft 

4 lay shaft 

5 output gear 

6 drive gear 

7 rigid gear 

8 idler gear 

9 synchronization and coupling 

means 

10 rotational speed sensor gear 

1 1 rotational speed sensor gear 

12 rotational speed sensor 

13 rotational speed sensor 

14 evaluation and control device 

15 sensor line 

16 sensor line 

17 control line 



18 secondary retarder 

19 transmission output shaft 

20 rigid gear on the transmission 

output shaft 

21 rigid gear on the retarder shaft 

22 retarder shaft 

23 rotor of the retarder 

24 stator of the retarder 

25 rotational speed sensor on the 

retarder shaft 

26 function curve Me = f (a) 

27 rotational speed sensor gear 

28 rotational speed sensor gear 

29 rotational speed sensor 

Me input torque 

a phase or angle change 



